The present study describes an integrated system for traffic data collection and alert warning. Geographical information based decision making related to traffic destinations and routes is proposed through the design. The system includes a geospatial database having profile relating to a user of a mobile device. The processing and understanding of scanned maps, other digital data input leads to route guidance. The system includes a server configured to receive traffic information relating to a route and location information relating to the mobile device. Server is configured to send a traffic alert to the mobile device when the traffic information and the location information indicate that the mobile device is traveling toward traffic congestion. Proposed system has geospatial and mobile data sets pertaining to Bangalore city in India. It is envisaged to be helpful for touristic purposes as a route guidance and alert relaying information system to tourists for proximity to sites worth seeing in a city they have entered into. The system is modular in architecture and the novelty lies in integration of different modules carrying different technologies for a complete traffic information system. Generic information processing and delivery system has been tested to be functional and speedy under test geospatial domains. In a restricted prototype model with geo-referenced route data required information has been delivered correctly over sustained trials to designated cell numbers, with average time frame of 27.5 seconds, maximum 50 and minimum 5 seconds. Traffic geo-data set trials testing is underway.
INTRODUCTION AND BACKGROUND
Increased traffic congestion is an ever-increasing problem in major urban areas like Bangalore. Traffic congestion has an adverse effect on the environment and adds stress to peoples' daily lives. It is important that accurate traffic information reaches those on road in real time. Accurate traffic information allows not only traffic engineers to pin point problem areas, but also provides drivers with near real time information to avoid problems. And with mobile phone being a communication device of choice for 9 million of the 9.5 million Bangalore population, it could be used very effectively in gathering information of traffic movements around junctions and notify traffic abnormalities back to the mobiles via messages which is the idea behind developing this system. With text capable mobiles being ubiquitous rather than smart-phones, so it is wise to issue text traffic alerts for city wide coverage (Sun and Liu, 2015) .
Several traffic monitoring systems and methods currently exist. Some of the current traffic monitoring systems are crude stand alone devices that merely count the number of cars that pass over a sensor (Yuan et al., 2014) . In order to gather any information from these devices a person must go out to the device and read the counter at the location, or take the device from the location where the counter can be read (Semertzidis et al., 2010) . Such devices do not provide real time information. Moreover, such devices do not provide any sort of error detection to alert traffic engineers if the device is malfunctioning (Jog et al., 2011) . Other traffic monitoring systems are configured to provide real time or near real time information. Such systems typically comprise remote traffic monitoring units that communicate in some way with a central station. In some of the prior art systems the remote units are hardwired, such as through telephone lines, to a central station. As such, the remote units of these systems are typically permanently fixed to a location and are not easily moved. These devices are typically "dumb" monitoring devices with no localized processing capability. Moreover, these devices typically do not monitor roadway conditions and do not have the capability to record traffic for specified pre-determined periods (Piao et al., 2012) . Some prior art systems exist that utilize cellular or radio transmission to communicate from the remote monitoring devices to a central station. With these cellular systems, the voice channels are typically used to transmit monitored data. Such systems use up valuable spectrum space on the voice channels and depending on the size of the system may require additional capacity to be added to the cellular system (Manolis et al., 2016) . The systems that utilize radio transmission require that a radio network be built to accommodate the system. As such, these methods of transmission are expensive to implement. Hence we suggest a better more popular technology based solution that could be readily adopted without much investment.
PRIOR ART AND SYSTEM INNOVATIVENESS
Traffic alert system effectiveness is governed by operating and maintenance overheads (Ma et al., 2015) . Traffic alert systems have reportedly required expert operators and sensitive handling (Ajitha et al., 2013) . Present traffic systems are infrastructure intensive and hard to deploy, maintain and upgrade (Barone et al., 2014) . Experienced personnel are required to administer such systems, hence preventing wide usage. In the hour of need comprehensible and intelligible systems serve the masses better.
The proposed system should be able to decipher traffic alert information, able to make decisions fast, and communicate. It has to have a degree of automation for realtime action. The yardstick for performance of an traffic alert system is the number of people it reaches in as minimum time as possible (Korhonen et al., 2012) . The efficiency of a traffic alert system can be enhanced through the use of extensive mediums of telecommunication and real-time range over a mass medium to as many people (Manasseh and Sengupta, 2010) .
The system should not be limited in extent. It should be ubiquitous. The stipulation is for in time individual notification in the hour of need. Prevalent communication technologies use may be researched to increase the effectiveness of the system. Engineering aspects have to deal with effect of local telecom disturbances hampering the traffic alert system also, hence a system which can tolerate local bottlenecks to a large extent and keep functioning, has to be researched.
Existing early traffic alert systems are based on intensive dedicated infrastructure but not SMS (Zhao et al., 2012) . The existing systems show drawbacks such as working for one or two site-specific traffic situation alerts. And most of these are authoritative traffic alert systems and cannot disseminate automated traffic alert to the affected people (Zhao et al., 2012) .
A value added traffic alert system would be one capable of disseminating adequate and timely traffic and situational information to the public (Cervantes et al., 2016) . It should be capable of leveraging geographical information system (GIS) compatible datasets as well as be able to handle location through latitude, longitude data from global positioning systems (GPS). An automated and generalized architecture with minimum setup requirement is needed for a system to be practically implemented (Zarif et al., 2003) . Further to promote popular usage and quick and easy use, a traffic alert system using prevalent technology has to be designed (Pascale et al., 2012) . To reach affected people in time it makes sense to develop with available infrastructure, mechanisms and set-ups. More so by way of short message service (SMS) which has been widely documented to be effective for alerts (Sisiopiku and Elliott, 2005) . The burgeoning number of mobile subscriptions around the world facilitates reaching more than eighty-five percent of population on an average in any given zone. Moreover mobile communication infrastructure is ubiquitous and bandwidth manipulation has research scope for continuous information delivery (Bhattacharya et al., 2011) . Finally, a traffic alert communication system which can be easily integrated to any traffic situation evaluation system will really help to augment current capability (Bhattacharya et al., 2013) .
The concept of an automated alert system addresses many complex issues related to traffic alerts (Bhattacharya et al., 2014) . Such a system can tie together traffic situation data and alert mechanism based on inbuilt knowledge base, be centrally coordinated and run multiple tasks simultaneously and repeatedly, thereby emulating multiple expert groups (Sisiopiku and Elliott, 2005) . The content of traffic alert messages may originate with different monitoring devices and groups, but it is important that messages to the public are consistent with one another and their dissemination coordinated to achieve the best effect (Manolis et al., 2016) . In large, rapidly emerging traffic events, coordination between data collection, supporting, and managing agencies requires a high level of overhead and maintaining this effort in the context of an emergency is a tall order (Wang et al., 2016) . Hence to address these challenging issues the development of an automated traffic alert system is needed.
The need for a reliable, coordinated approach to disseminating information originating from diverse traffic situations and scenarios has led to ideas for combined traffic scene evaluation and alert information (Korhonen et al., 2012) . Hence it is necessary to maintain multitasking and centralized control, which could be well imparted through an expertly designed traffic alert system. Once this is achieved, multiple purposes can be served like touristic places information dissemination, public services information etc.
There have been separate systems for traffic alert as well as for assessment of traffic situation but their integration has been problematic. This leaves incompleteness as far as the information of end-user is concerned. A traffic alert system with the ability to receive and understand information from external source and forward it intelligently as advisory, could be a solution to the problem. The information could be the output of another system viz. traffic and location details assessment system. This requires development of traffic alert communication system having functionality to associate with external information as used for imminent alerts (Bhattacharya et al., 2011 (Bhattacharya et al., , 2013 (Bhattacharya et al., , 2014 .
Thus, the proposed traffic alert system consists of an input subsystem, a processing subsystem, and a traffic alert subsystem shown in Figure 1 . The mutual interactions among the different subsystems, through predefined rules, make the system feasible and workable. Described the components (Figure 1 ) of a generalized traffic alert system, their broad functionalities and an overview of the interactive monitoring and responses. The structure is valid generally and can be improved upon by focusing on the respective subsystems. The challenges associated with the development of a traffic alert communication system are:

Designing of popular usage based traffic alert communication system through integration of prevalent technologies;  Integration of traffic evaluation system with the traffic alert communication system; and  Development of methodology for automated working of the system.
METHODOLOGY
The working of any traffic communication system requires four basic functions: accepting / receiving, processing, storing and transferring of data (Figure 1 ). These broad functionalities could be provided by the combined working of the information and communications technologies along with the framework of geo-spatial technology.
The integration of two diverse functionalities of traffic evaluation and traffic alert requires the introduction of a common platform. One possible solution could be a system capable of inculcating information regarding possibility of traffic and use available communication infrastructure to notify the same to the public. The communication of traffic alert to the end-users may be realized by communicating over the standing cellular network.
One of the good practices of system design is to keep it modular and compartmentalize the tasks according to the modules. There has to be transmission of data between modules in a system for which well-defined prior mutual agreements are 4. Development of interfaces between the modules of the proposed system and between the system and mobile network.
5. Understanding the levels of severity of traffic snarls and accordingly assigning priority of communication.
6. Automated initiation, processing and output of information by the proposed system. Figure 1 . The general components of a geographical information integrated traffic alert system (Pseudocode, 2017) .
Proposed Strategy
The present architecture overcomes the above problems by providing a system and method for gathering and sending monitored traffic data via a short messaging system message over a wireless network. The traffic situation / positioning data is already available to us as shown in Figure 2 . The method includes determining the location of the mobile communicator from location data provided by mobile communication stations of a mobile communication network. The location of the mobile communicator can be extracted e.g. by a triangulation method on the data, collected from the cell phone towers. Also, the location of the mobile communicator can be extracted from data provided by global positioning system or a related cell-phone GPS system. The system includes a database having stored thereon a profile relating to a user of a mobile device (Pseudocode, 2017) . The system also includes a server, wherein the server is configured to receive traffic information relating to a route and location information relating to the mobile device, and wherein the server is configured to send a traffic alert to the mobile device when the traffic information and the location information indicate that the mobile device is traveling toward traffic congestion (Figure 3 and 4) . The method is of monitoring the traffic alert information may include monitoring information provided by one of a state transportation department, a police department, a law enforcement agency, or any mobile enterprise. If the data from the traffic database do not indicate that an traffic alert is possible, the system monitors the data for further traffic alerts. If the data from the traffic database indicate that an traffic alert is possible, the system advances by querying the location server where the mobile device is located and/or the direction of travel of the mobile device. Based on the position and/or the direction of travel of the mobile device the system determines whether a traffic alert is needed (Figure 3,4) . For example, if the mobile device is located in proximity to a traffic accident that is causing congestion and/or if the mobile device is traveling in the direction of the traffic congestion, a traffic alert to the mobile device is appropriate. Also, the system determines whether the mobile device is within a predetermined distance from the source of the traffic congestion.
Or, the predetermined distance is specified by the subscriber of the user in the profile that is stored in the database, while exercising the option of registering. So the idea is to develop a system which can fulfill the role of a traffic alert system, comprising a database having stored thereon a profile relating to a user of a mobile device; and a server, wherein the server is configured to receive traffic information relating to a route and location information relating to the mobile device, and wherein the server is configured to send a traffic alert to the mobile device when the traffic information and the location information indicate that the mobile device is traveling toward traffic congestion.
There is a standard Universal Serial Bus (USB) for serial connection between the modem and the PC, which is also applicable for the GSM device (GSM modem). First mobile devices were connected to the computers via cable (a real serial connection). Nowadays only pluggable GSM modems use real serial port to communicate with the computer, whereas ordinary mobile phones use serial connection (they use one of the Bluetooth services virtual serial connection).
Interfacing With The GSM Network
The interfacing with the cellular network requires internal processing comprising the database and web servers. This maintains the actual data flow (Figure 4 , 5, 6) controlled by the http/s and TCP/IP commands. After creating the data packet a http request is generated by the system. The requests are processed by the server hosting web-content module and the access to the database is provided through a TCP/IP channel. The function calls are made in sequential manner as further internal processing calls up the trigger module and communication module. Once the server command ComX present in attention (AT) command-set is executed by the communication module the connection to the modem over a physical channel RS232 is established. The terminal protocol AT (attention/initiate) communication protocol command-set directly issues modem commands and activates the modem. The AT communication protocol command-set enables dispatch of SMS by executing specific commands.
The SMS protocol program is called after the database table is accessed and mobile numbers in the region are extracted from the table. The mobile numbers are entered as command line parameters in the program thereafter the respective traffic situation messages are sent. The number of mobile numbers selected per region is fed in a loop. The SMS program is called for each number for sending SMS. It connects to the SMS gateway through the internet and this gateway forwards the traffic message to the mobile numbers (Figure 7) . And successively the GSM_Method is executed to enable interfacing between the communication module and external GSM environment. It transmits each alert message from the communication module over mobile communication network. The modem functionality is handled by the telecommunication commands from the communication module. Thus the interfacing and communication with the mobiles gets established. The executable program creates empty form-fields which have to be filled by the text strings from the traffic message. The GSM method sends the strings to be inserted into empty form-fields. At the beginning of the GSM program is the declaration of the variables to be used in a GSM environment. Next the opening of a message is handled by the program. Within the body of the program various headers are defined. For handling the body of the traffic message the program has a separate section of code. This code segment defines and implements the appropriate size limits, other SMS technical specifications and the time to communicate parameters are filled in.
The communication module (Fig. 7) is equipped with two ways of interfacing with the GSM network to send SMS messages from the warning system to mobile phones. The two methods are:
1. Connectivity of the traffic alert system to the SMS center (SMSC) or SMS gateway of a wireless carrier or SMS service provider through the internet. Subsequently the communication module sends SMS messages using a protocol / interface supported by the SMSC or SMS gateway. This is the software method of message sending. 2. Connectivity of GSM modem to the traffic alert system and execution of AT commands to instruct the GSM modem to send SMS messages. This is the hardware method. Figure 3 . The flowchart of traffic alert system, top level design (Pseudocode, 2017) .
The wireless data is sent / receive from the Mobile Phone to the GSM gateway in the form of a 'struct.' The 'struct' data is passed by the GSM gateway to the Ethernet gateway using I2C. The Ethernet gateway takes each individual piece of data from the structure and post it to the MQTT broker. The MQTT broker (Mosquitto) on the Raspberry Pi picks up the data and post it via programs and operating system (Linux) sitting on the same Raspberry Pi. The two Arduinos of the gateway are connected by 2 wires (I2C) connection. The GSM Gateway Arduino has the GSM module mounted on it while the Ethernet Gateway has Ethernet shield with the Ethernet cable connected to router (Fig. 8) . The traditional GSM module uses RS232 (2v-8V) with flow control (RX, TX, CTS, RTS, CTS, DTR, DSR, DCD, RI) while the newer one has direct pin out that can be hooked up with microcontroller board like Arduino. 
RESULTS
The proposed system is in its developmental stage with real time traffic geospatial data sets as input. The proposed architecture design integration has been tested for warning message delivery, directions delivery and instructions delivery to users in multifarious other GIS domains within acceptable time delays where maximum time delay was 50 seconds, minimum 5 seconds and overall average 27.5 seconds. The creation and collection of a city specific traffic geospatial dataset is underway which would then be fed to the existing system as any other geospatial data. The substantiation process comprised of creating a database of latitudes, longitudes listed traffic junctions and pre-registered mobile numbers in data tables (shown in Table 1 ). The data tables store the regions in latitudes and longitudes for testing the system, and the mobile numbers to be communicated are residing within the latitudinal and longitudinal expanse of a predefined site in a city and its associated dynamic traffic conditions and notable tourist spots of attraction in the vicinity. The data packet is shown in Fig. 9 . The table entries were selected sequentially and uninterruptedly and then the messages were transmitted 14 times 20 short messages (SMS) in a bulk to zonally identified mobile numbers, ensuing in a total number of 280. It was tabulated that 196 messages delivered within 10 seconds, rest within 40 seconds (Table 2 ). All generated messages were delivered and the delivery time limit was found acceptable for quick response purposes. 
DISCUSSIONS
The system addresses the issues of travellers moving into a new location where they are likely to miss places of attraction anywhere around them or likely take lengthier choices to reach otherwise shorter points of interest. Based on their situated location, travellers can be directed to neighbourhood touristic spots in a locality with various combinations of origindestination routes. This eliminates possibilities like tourists regretting missing to visit a spot of interest due to lack of location information. Since in India routes are complex and locations could be confusing to reach by paper maps, a feeder system is proposed for pin-pointing locations of significance. According to the position of the service requesting mobile, the places of interest are notified. This service could be registered into through an app or website. Currently the trial runs have been done for known mobiles identifications having simulated conditions of location details. The system architecture is novel in terms of utilizing hybridization of open-source technologies to offer a complete end-to-end solution. The architecture facilitates compartmentalized development and upgradation. Also one aspect of novelty is the use of locations indexes for databases to keep important notifications about tourist points ready to be searched and sent. This approach is suitable for the current setting since an SMS based approach is appropriate in the Bangalore context as there is low availability of smart phone devices, and mobile phone bandwidth is low.
CONCLUSIONS AND FURTHER SCOPE
The proposed architecture has made it possible to research towards the development of an integrated traffic situation assessment and alert communication system. Integration of traffic situation assessment and warning communication has been done. Geo-spatial referencing of location, disturbances or zones of interest and communication has been achieved using automated data creation, transformation and dissemination over different interfaces. The aim being modularizing the functionalities of different technologies to form a single system integration. Achieved system functionalities abstraction and encapsulation for low maintenance and easy upgradation in future. Open-source technologies utilized for the system architecture, design and development.
A never before architecture has been introduced for integrating WebGIS with telecommunication technology. Modularization of different technologies towards development of an alert communication system leading to automated data creation, transformation and dissemination over different interfaces. Existing technologies interfaced in a novel architectural design to address a neglected domain in a way never done before -through dynamically updatable WebGIS based warning communication. The architecture of the developed alert system has been functionally automated as well as generalized enough that can be used for any traffic alert. Setup requirement has been kept to a minimum. This work publishes new architecture and novelty in addressing hazard warning techniques in sustainable way and user friendly manner. Future work is progressing to include voice messages since to read a SMS attention is diverted creating problems for the driver of a vehicle.
Hence the system can be summarized as the development of internet-SMS based automated traffic alert system. A novel architecture has been introduced where major technologies in ICT have been interfaced to give a unique ICTWebGIS based dynamic real time alert communication system. Integrating an alert system with a situation evaluation system this architecture interfaces different open-source technologies towards design and development of a warning system. The development towards complete data collection for a city e.g. Bangalore and converting to a geospatial platform is underway.
Bhattacharya, D., Ghosh, J. K., Boccardo, P., Komarkova, J., 2013. "Automated Geo-Spatial System for Generalized Assessment of Socio-Economic Vulnerability due to Landslide in a Region", 
